The aim of this study was to investigate the immunomodulatory activities of protein fractions isolated from Delphinium staphysagria seeds used in Moroccan traditional medicine. D. staphysagria protein extract has been separated on sephadex column chromatography. The immunomodulatory activities were tested using primary culture of rabbit lymphocytes (splenocytes and thymocytes), by evaluation of macrophage phagocytosis and by studying the hemagglutination effect of proteins separated by chromatography. Three protein fractions were isolated on sephadex column. At 0.1mg/ml, these fractions didn't show any cytotoxic effect against lymphocytes. The fraction F1 with the high molecular weight of 115 kDa exhibited a mitogenic action on splenocytes and positive hemagglutinating activity associated to inhibition of macrophage phagocytosis capacity. The second protein fraction F2 was about 11 kDa inhibited phagocytosis without affecting lymphocytes proliferation. The third fraction F3 was the smallest with 2.25 kDa indicated a stimulatory effect on both splenocytes and thymocytes proliferation without hemagglutinating activity but inducing decrease of macrophage phagocytosis. In conclusion, protein fractions isolated from D. staphysagria have no cytotoxic effect. The fraction F3 acted as an immunostimulating by enhancing proliferation of thymocytes and splenocytes while the F1 stimulated preferentially splenocytes via probably lectin pathway. All fractions studied decreased phagocytosis impairing the antigen presentation to lymphocytes.
INTRODUCTION
A number of disorders such as viral infections, various cancers and autoimmune diseases can be managed with immunomodulators drugs from medicinal plants (Patwardhan et al., 1990; Patil et al., 2012) . Delphinium *Corresponding author. E-mail: amalbousfiha3@gmail.com.
Author(s) agree that this article remain permanently open access under the terms of the Creative Commons Attribution License 4.0 International License plants are a large species within the family Renonculaceae, largely distributed throughout the northern hemisphere region, such as Asia, Europe, and North America, while a few occur in equatorial Africa (Tang and Feng, 1981) . Delphinium, an important genus of the family Ranunculaceae, is well known for its potential uses in medicine (Benn and Jacyno, 1983 ). It's recognized as a rich source of biologically active and structurally complex diterpenoid and norditerpenoid alkaloids with febrifuge, sedative, cardiotonic and analgesic activities (Riedle and Nasir, 1991; Raza et al., 2001) .
The traditional medicinal system in Morocco describes certain plants which strengthen the immune system (Bellakhdar, 1997 (Bellakhdar, , 2008 Merzouki et al., 1997) . Delphinium staphysagria seeds are also used for toothaches, hair toning and reducing hair loss (Merzouki et al., 2000) . Fraidi et al. (2013 Fraidi et al. ( , 2014 have shown that D. staphysagria seeds are a promising source of potential antioxidant, analgesic and anti-inflammatory activity. In Morocco, many medicinal plants have been studied, and they have shown significant immunomodulatory activities (Daoudi et al., 2008 (Daoudi et al., , 2012 (Daoudi et al., , 2013 El Hamsas et al., 2012) which can be used in the treatment of various ailments. Thus, the aim of this study was to evaluate the effect of protein fractions isolated from D. staphysagria seeds on cell immunity by evaluating the proliferation of lymphocytes, splenocytes and macrophages phagocytosis.
MATERIALS AND METHODS
All chemicals products used in this study were purchased from Sigma (St Louis, MO, USA).
Animal
Male rabbits weighing 2.5 kg were housed under a 12 h light/dark cycle in a temperature-controlled room (22 to 24°C) and used for in vitro investigations. Rabbits had free access to standard chow and water. The animal experiments were used according to national ethical laws.
Plant materiel and extraction
The plant materials selected for this study were D. staphysagria seeds, which were bought from herbalists in the Fez Bouleman region. First, the plant seeds were washed twice with distilled water, air dried, and ground into a fine powder. Then 10 g were dissolved in 100 ml of phosphate buffered saline (PBS, 150 mM, pH 7.4) and stirred during two hours. The suspension was centrifuged (15 min at 4500 rpm, 4°C) and the supernatant was sterilized by filtration through 0.45 µm nitrocellulose filters. Total protein extract was prepared from the aqueous extract after precipitation by the addition of cold ammonium sulfate at 40%.
Sephadex-chromatography column
To characterize the extracted proteins of D. staphysagria seeds for their immunomodulatory effect, a chromatochraphic separation of protein extract was applied followed by a study of the activity of different purified fractions. Total protein extract was dialyzed, and then separated on sephadex (G-100) chromatography column (40 × 2 cm). Elution was performed by PBS at rate of 120 ml per hour. Fractions of 2 ml were collected and their protein concentration was determined by measuring absorbance at 280 nm.
Cell material and culture
Cell suspensions used in this study were obtained from sacrificed rabbit. The spleen and thymus were removed aseptically from the animals and then suspension was prepared by pressing the organs through a fine wire mesh. The cell suspension was washed by centrifugation repeated in RPMI medium and the red blood cells were lysed by 154 mM ammonium chloride. The number of viable cells was determined microscopically by a trypan blue exclusion test. The culture used RPMI medium (without glucose) supplemented with 2 mM glutamine, 1 mM sodium pyruvate, 10% (v/v) FCS (fetal calf serum) and antibiotics (ampicillin 100 U/ml and streptomycin 100 mg/ml).
Phagocytosis test
The phagocytosis test was realized as notified by EL Hamsas et al. (2010b) . Macrophages were obtained from spleen cell preparation. Briefly, 100 µl of spleen cells suspension at 10 6 cells/ml was added in 96 well plates that were incubated at 37°C for 3 h for adherence of macrophages. Thereafter, supernatant was removed and every well-plate was washed twice with sterile PBS. The phagocytosis test was conducted using neutral red as indicator of macrophage phagocytosis activity. In every well-plate, 100 µl of RPMI (with 10% (v/v) FCS Fetal Calf serum) containing 0.075% of neutral red and 10 µl of plant extracts (or PBS in the blank) were added and then plates were incubated for 2 h. Finally, after removing the supernatant and washing them three times, the reaction was stopped with a solution containing acetic acid (1M) /ethanol (1:1 v/v). Macrophage phagocytosis activity was evaluated by measuring absorbance at 540 nm.
Cell proliferation assay
Cell proliferation was evaluated by the 3-(4,5-dimethylthiazol-2yl)-2,5-diphenyltetra-zolium bromide (MTT) assay (Mossman, 1983; Daoudi et al., 2008; EL Hamsas et al., 2010a) . Cell suspension was plated at 5000 cells/well in 96 well plates and incubated at 37°C in a humidified incubator, under an atmosphere of 95% air and 5% CO2 for 72 h. Protein fractions were added to cells before their incubation at the concentration of 0.1 mg/ml. Thereafter, 10 µl of MTT solution (5 mg/ml in PBS) was added. After 3 h of incubation, the formazan formed in cells was solubilized by 100 µl of dimethyl sulfoxide (DMSO). The optical density was measured at 570 nm.
Hemagglutination assay
The erythrocytes were isolated from the rabbits. The blood was collected from the neck of the animals after sacrification. The erythrocytes cells were obtained from successive washes of the blood with 0.9% NaCl. Then, erythrocyte suspension was adjusted to 2% (v/v) in 0.9% NaCl. Hemagglutination assay was performed using the method of Kabat and Mayer (1961) . Assays were performed in 96 wells plates. Hemagglutination was monitored macroscopically and confirmed microscopically. The experiments were performed by mixing 25 μl of the erythrocyte suspension with 25 μl of protein fractions and 50μl of PBS in total volume of 100 μl. Positive control was performed using concanavaline-A at 7 μg/ml. In all groups, the wells were carried out in triplicate and incubated for a period of 30 min at 37°C.
Statistical analysis
Each experimental condition was realized at least in triplicate (n = 3). Data were expressed as the mean ± SEM. Statistical analysis was carried out using student's t-test. Differences were considered statistically significant at p<0.05.
RESULTS
Total protein extract obtained from aqueous extract after ammonium sulfate precipitation at 40% was separated on Sephadex (G100) chromatography column. As shown in Figure 1 , three fractions (peaks) were obtained. The molecular weight of fractions F1, F2 and F3 were about 115 KDa, 11kDa and 2.25 kDa, respectively. The effect of these three fractions was tested on lymphocytes proliferation (splenocytes and thymocytes), on macrophage phagocytosis activity and for agglutination of blood cells. Cells proliferation was evaluated by MTT assay and phagocytosis action by neutral red assay.
Effect of protein fractions on lymphocytes proliferation
Results obtained in Figure 2 indicate that the three fractions at 100 μg/ml showed no cytotoxicity. In fact, the proliferation of splenocytes was increased under the protein fractions F1 and F3 indicating a mitogenic effect by stimulating splenocytes proliferation of over 40% compared to control, while F2 does not significantly alter this proliferation. According to Figure 3 , the number of thymocytes had significantly raised in the presence of the fraction F3 by 50%. In the same conditions, F1 and F2 didn't significantly alter the proliferation of thymocytes. These results indicated a specific action of F1 on splenocytes proliferation and combined action of F3 on both splenocytes and thymocytes.
Effect on phagocytosis
The results of protein fractions effect on macrophage phagocytosis are presented in Figure 4 . The fractions showed a decrease in phagocytosis activity in comparison to control, the phagocytosis activity of macrophages was significantly decreased by 49, 47 and 34%, respectively under the effect of F2, F3 and F1.
These results indicated a strong inhibitory effect of protein fractions on macrophage phagocytosis activity.
Hemagglutination test
The hemagglutination test was performed with protein fractions using Concanavalin-A as the positive control. 
Fractions

F1 F 2 F3
Hemagglutination activity Positive agglutination No agglutination No agglutination
Results represented in Table 1 show the absence of hemagglutination on cells treated by F2 and F3 fractions, where F1 gives a positive agglutination activity. At high concentration of protein extract more than 0.25mg/ml, we have observed a lowest hemolytic effect.
DISCUSSION
The aim of this study was to explore the immunomodulating activity of proteins fractions isolated from D. staphysagria seeds. The protein fractions of the plant were tested on rabbit lymphocyte proliferation, on macrophage phagocytosis and for their hemagglutination activities.
The results indicate that the protein fractions of D.
staphysagria at 0.1 mg/ml didn't affect splenocytes and thymocytes viability. This finding completes the study previous results which demonstrated that aqueous and total protein extracts have non cytotoxic effect on lymphocytes (Daoudi et al., 2008 (Daoudi et al., , 2012 . This suggests that the plant had no cytotoxic effect at the dose used. The toxicity effect of D. staphysagria described by several authors (Benn and Jacyno, 1983; Marin et al., 2011; Wiese, 2013; Faridi et al., 2014a) was probably due to the higher plant concentration as observed during studying acute toxicity indicating for ethanol extract DL50 of 300 mg/kg (Faridi et al., 2014b) . This later was confirmed by a low hemolytic action of protein extract observed in vitro at the high concentration. Furthermore, the study noticed an increase in the proliferative activity of splenocytes and thymocytes, which indicate an action of the extract on both humoral and cellular immunity reactions. This mitogenic effect was observed under F1 fractions on splenocytes and with F3 on splenocytes and thymocytes. This suggests an important mitogenic effect of F3 fraction on both lymphocytes where F1 affect splenocytes indicating an action on B-lymphocytes probably. The mitogenic effects of F1 and F3 could be considered as an immunostimulating action to enhance immune defenses. Furthermore, a slight inhibition of macrophage phagocytosis capacity was observed indicating that antigen presentation may be impaired partially by these fractions. On the other hand, the study investigated the agglutination activity of the protein fractions against rabbit erythrocytes.
The study results showed that F2 and F3 didn't agglutinate rabbit erythrocytes, whereas F1 of 115 kDa showed an agglutination effect suggesting a lectin aspect of this high protein fraction. This later fraction increased proliferation of splenocytes indicating that the proliferative effect of this fraction is probably mediated by a mechanism including lectin pathway. The fraction F3 also has a mitogenic action on thymocytes and splenocytes but without showing any agglutination activity. The mechanism of this mitogenic effect was certainly not related to lectins.
Conclusion
Three protein fractions (F1, F2 and F3) were isolated from D. staphysagria seeds with no cytotoxic effect at 0.1mg/ml on lymphocytes. A mitogenic effect of F3 was observed on both lymphocytes indicating possible use of this fraction to enhance lymphocytes proliferation, while F1 seems to preferentially stimulate proliferation of Blymphocytes with impairing antigen presentation by macrophages, which indicate possible use of this fraction to stimulate humoral immunity.
